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SUMMARY 

Art investigation to determine and correlate the experi- 
mental surface heat-transfer coefficients oj finned cylinders 
with different air-stream cooling arrangements was con- 
ducted at the Langley Memorial Aeronautical Laboratory 
from 19S2 to 19S8. The investigation covered the de- 
termination of the effect of fin width, fin space, fin thick- 
ness, and cylinder diameter on the heat transfer. Wind- 
tunnel tests were made in the jree air stream with and 
without baffles and also with various devices for creating 
a turbulent air stream. Tests were also made with blower 
cooling. 

A variation of the initial turbulence of the tunnel air 
stream was found to have little effect on the heat transfer. 
Correlation of the surface heat-transfer coefficients was 
found possible by plotting a, factor involving the heat- 
transfer coefficients, the fin space, and the conductivity of 
the cooling air against a factor involving the velocity, the 
density, and the viscosity of the cooling air and the fin 
space, the fin width, and the cylinder diameter. 

INTRODUCTION 

The large number of variables that affect the heat 
transfer from finned cylinders and the complexity of 
their relationships makes it difficult to determine opti- 
mum fin designs from experimental data alone. In- 
vestigations at this laboratory (reference 1) have shown 
that the heat transfer can be calculated from an equa- 
tion involving the fin dimensions, the surface heat- 
transfer coefficient g, and the thermal conductivity of 
the metal. The value of g depends on the fin design, 
the air-stream characteristics, and the method of cool- 
ing. The air-stream characteristics include the weight 
velocity, the conductivity, the viscosity, and the in- 
tensity and the scale of the turbulence of the cooling 
air. No satisfactory method of calculating the heat- 
transfer coefficient g has been found and its value must 
therefore be experimentally determined. 

In previous experiments, the value of g was first 
established for cylinders having fins of various dimen- 
sions tested in a wind tunnel without cylinder baffles 
(reference 1). These tests were undertaken before 
baffles were generally used around the cylinders of 



radial air-cooled engines. Testa were later made to 
determine g with several types of baffle. (See reference 
2.) These tests were made prior to the introduction of 
the pressure-baffled engine and were made in the wind 
tunnel with the air stream passing around and through 
the baffles. At this time, an investigation was also 
made to determine the advantages of the completely 
jacketed finned cylinder in which the cooling air is 
forced through the jacket by means of a blower as com- 
pared with the pressure-baffled engine. 

The surface heat-transfer coefficients and the pres- 
sure differences across the cylinders were determined 
with blower cooling for a number of cylinders having 
different fin designs (reference 3). Further tests in a 
wind tunnel (reference 4) were made on cylinders with 
fins more closely spaced than those tested in references 
1, 2, and 3 in order to determine the coefficients with 
blower cooling and with and without baffles. In addi- 
tion, tests were made to determine the pressure differ- 
ences for a variation of air flow across a large number of 
jacketed cylinders and cylinders with baffles and also 
to determine the air flow between the fins (references 
5, 6, and 7). 

The investigation has been extended to obtain addi- 
tional data on the effect of the fin dimensions on g. 
Cylinders of three different diameters have been tested 
to deteraaine the effect of diameter on the pressure drop 
and the heat-transfer coefficient. Several copper 
cylinders with different fin widths and spacings and one 
aluminum-alloy cylinder were tested primarily to 
substantiate the effect of thermal conductivity in the 
heat-transfer equation previously mentioned. Data 
are also presented in this report showing the effect of 
turbulence on g over a range of turbulence intensities. 

The object of this report is to present the recent infor- 
mation that has been obtained on the heat-transfer 
coefficient g and, in addition, to show that all available 
data on g can be correlated for each air-flow arrangement 
in terms of functions defining a single curve and involv- 
ing the fin dimensions, the cylinder diameter, and the 
air-stream characteristics. This information should 
permit the calculation of the best fin proportions for the 
conditions of air flow that are of general interest. 
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The present report includes tests on 58 cylinders with 
fins having widths from 0.37 inch to 3 inches, mean 
spaces from 0.010 inch to 0.50 inch, and mean thick- 
nesses from 0.026 inch to 0.27 inch. The results of some 
of the tests have already been published . The variation 
in cylinder diameter was from 3.66 to 6.34 inches. 

The tests were conducted at the Langley Memorial 
Aeronautical Laboratoiy from 1932 to 1938. 

APPARATUS 

TEST CYLINDERS 

A description of the cylinders tested and the air-flow 
arrangements used is given in table I. 

TABLE I.— Cylinders tested 
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1 Numbers Indicate: 

1, cylinder in free air stream, no baffles. 

2, oyllnder In free air stream, with baffles. 

8, oyllnder enclosed In Jacket, blower supplying the air. 
4, cylinder In free air stream with axis 46' to air stream. 

The fin section in figure 1 shows the significance of 
w, fin width; s, fin space; s s , fin space at the fin root; 
and t, fin thickness. The test cylinders were electri- 



cally heated and were tested with guard lings, as 
described in reference I. The assembled over-all 
length of the test section and the guard rings was, in 
every case, approximately 10 inches. For conven- 
ience in referring to the finned cylinders, a nomen- 
clature giving the fin space, the fin width, and the fin 
thickness has been devised. For example, the desig- 
nation 0.101-0.67-0.035 represents a finned cylinder 
having an average fin space of 0.101 inch, a fin width 




Fiqu&b l.— Section showing significance of id, t, n, and (. 

of 0.67 inch, and an average fin thickness of 0.035 inch. 
The designations corresponding to the cylinders in 
table I can be obtained by combining the values given 
in columns 2, 3, and 4. 

BAFFLES AND JACKETS 

Tlie iype of baffle used for the tests of the cylinder 
with baffles in the free air stream is shown in figure 2 (a). 




U25"R 

(a) Baffle. (b) Jacket. 

Figure 2.— Type of baffle and Jacket used in tunnel and blower-cooling tests. 

The ratio of the area of the exit to the area between the 
fins was approximately 2. 

The apparatus used in the blower-cooling tests is 
described in references 3 and 5. The jacket used in 
these tests is shown in figure 2 (b). The ratio of the 
entrance or the exit area of the jacket to the flow area 
between the fins was approximately 1.6 for all of the 
cylinders except the copper cylinders, for which the 
ratio varied from 1.0 to 1.7. 
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TESTS 

The tests covered in this report are listed in table I. 
In addition to the blower-cooling tests, this work 
included wind-tunnel tests with baffles, without baffles, 
and with the cylinder axis at 45° with respect to the 
air stream. The methods of testing have been 
described in references 1 to 5. 

The tests to determine the effect of turbulence on 
the heat-transfer coefficient were made in the wind 
tunnel with the 0.077-0.37-0.035 steel cylinder with 
baffles starting 90° from the front of the cylinder (180° 
opening) and with various devices for creating differ- 
ent amounts of turbulence. Tests with small-scale tur- 
bulence were made for the following four conditions: 

(1) With honeycomb. 

(2) With screen. 

(3) Without honeycomb or screen. 

(4) With honeycomb and screen. 

The honeycomb was constructed of 0.35-inch-diam- 
eter tubes of 3-inch length. The screen was of %-inch 
mesh with wires of 0.092-inch diameter and was similar 
to a screen previously tested at the National Bureau 
of Standards for its turbulence-creating properties (ref- 
erence 8). In the tests of reference 8, the screen was 
found to produce a very turbulent flow when placed 
141 wire diameters ahead of the point of measurement. 
In the present tests, an indication of the intensity of 
turbulence was obtained for the foregoing conditions 
by the conventional sphere method. The turbulence 
factors were deter min ed with a sphere 4 inches in di- 
ameter by the method described in reference 9. The 
four conditions of turbulence gave the following tur- 
bulence factors, which indicate the range covered: 

With honeycomb 1. 41 

Without honeycomb or screen 1. 89 

With screen 2.96 

With honeycomb and screen . 3. 21 

A large value of the turbulence factor indicates a 
high degree of turbulence. 

A larger scale turbulence was produced by placing 
a drum of 9-inch diameter various distances between 
0.3 inch and 13 inches ahead of the test cylinder. These 
tests were made with the axis of the drum both per- 
pendicular and parallel to the cylinder axis. 

Tests previously reported (reference 10) showed high 
rates of heat flow when the fin-plane/air-stream angle 
was between 30° and 60°. Evidence shows that the 
front portions of cylinders placed within an N. A. C. A. 
cowling are cooled by a flow consisting mainly of large 
swirls incident upon the fins at various angles. It is 
very likely that, in the tests with an N. A. C. A. cowl- 
ing, the flow phenomena between fins may be similar 
to that with different fin-plane/air-stream angles. In 
order to obtain more complete data on this subject, 
the range of the previous tests on fin-plane/air-stream 
angle has been extended to determine the effect of fin 



dimensions on the heat transfer of cylinders having a 
fin-plane/air-stream angle of 45°. 

The heat lost from air-cooled engine cylinders by 
direct radiation is generally considered negligible as 
compared with the heat lost by convection. Some 
consideration has been given, however, to the merits of 
black-enamel surfaces for improving the heat transfer. 
Wind-tunnel tests were made to determine the effect of 
different thicknesses of black enamel and of oiled sur- 
faces on the surface heat-transfer coefficient of a cylinder 
without fins. The use of a surface without fins avoided 
any effect of change of space between fins caused by 
the enamel or oil thickness. The enamel was a black 
baking japan applied by spraying and was baked for 
1 hour at 400° F. 

With blower cooling, measurements were made of 
the heat transfer, the weight of air used, and the pres- 
sure drop; with the other three air-flow arrangements, 
only heat-transfer measurements were obtained for a 
range of tunnel air speeds. 

SYMBOLS 

e„ specific heat of fluid at constant pressure, 

B. t. u. per pound per °F. 
d, diameter of pipe, inches. 
d„ equivalent diameter of duct [4ics/2(n>+s)], 

inches. 

D, cylinder diameter at fin root, inches. 
g, acceleration of gravity, feet per second per 
second. 

k m , thermal conductivity of metal, B. t. u. per 
square inch through 1 inch per hour per °F. 
k a , thermal conductivity of air, B. t. u. per square 
inch through 1 inch per second per °F. 
I, equivalent length for straight tube (tpR a )> feet. 
q, surface heat-transfer coefficient, B. t. u. per 
square inch total surface area per hour per 
°F. temperature difference between surface 
and inlet cooling air. 
q a „ surface heat-transfer coefficient, B. t. u. per 
square inch total surface area per hour per 
°F. temperature difference between surface 
and average cooling air. 
B a , average radius from center of cylinder to 

finned surface (^+ 2x12) ' ^ ee ^- 
JBj, radius from center of cylinder to fin root 
(Z?/2), inches. 
*, average space between adjacent fin surfaces, 
inches. 

8 b , space between adjacent fin surfaces at fin root, 

inches. 
t, thickness of fins, inches. 
U, over-all heat-transfer coefficient, B. t. u. per 

square inch base area per °F. temperature 

difference between cylinder wall and cooling 

air per hour. 
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V, velocity of air in tunnel throat in air-flow ar- 
rangements 1, 2, and 4 or average velocity 
between fins in air-flow arrangement 3, feet 
per second. (See table I.) 

w, fin width, inches. 

W, quantity of air flowing, pounds per second. 
Pig, specific weight of air in front of jacket in air- 
flow arrangement 3 or specific weight of air 
in tunnel throat in front of cylinder in air- 
flow arrangements 1, 2, and 4, pounds per 
cubic foot. 

Pig, specific weight of air in rear of jacket in cool- 
ing method 3, pounds per cubic foot. 

Pat9, average specific weight of air Mlt^ pounds 

per cubic foot. 
Poff, specific weight of air at 29.92 inches Hg and 
80° F. (0.0734 lb./cu. ft.), pounds per cubic 
foot. 

<p, equivalent angle of curvature (a+v/2), radi- 
ans. 

a, (See fig. 2(b)), radians. 
n, absolute viscosity of air, pounds per second 
per foot. 

Api, pressure difference across cylinder, inches of 
water. 

Ap s , pressure difference caused by loss of veloc- 
ity head from exit of skirt of baffle or 
jacket, inches of water. 
Api.iaj, total pressure difference across set-up (Api+ 
Api), inches of water. 

COMPUTATIONS 

The surface heat-transfer coefficient 2 was obtained 
by dividing the heat input per hour by the product of 
the total cooling-surface area and the difference between 
the average temperature of the cooling surface and the 
entering-air temperature. A complete description of 
the methods used in calculating the residts has been 
presented in references 1, 3, 4, and 5. __The viscosity 
and the conductivity of the air were based on an average 
of the cylinder and the mean air temperatures for air- 
flow arrangement 3 and on an average of the cylinder 
and the tunnel-throat temperatures for air-flow arrange- 
ments 1, 2, and 4. The temperature of the outlet air 
was calculated from the heat input to the cylinder, the 
quantity of air flowing over the cylinder, and the 
temperature of the inlet air. All tunnel air speeds and 
pressure differences have been corrected to a specific 
weight of air of 0.0734 pound per cubic foot. 

In studies of the heat transfer from pipes, it is cus- 
tomary to base the average heat-transfer coefficient 
q„ on the difference between the average surface and 
the average fluid temperatures. In the application of 
fmned-surface heat-transfer data to engine cylinders, 
and to the calculation of optimum fin constructions to 
meet various conditions of weight and pressure drop, it 



has been found advantageous to base q on the. difference 
between the entering inlet-air temperature and the 
average surface temperature. When the over-all hoat- 
transfer coefficient Z7is calculated from q„, it is neces- 
sary to determine the temperature rise of the air. This 
temperature rise, in turn, depends upon the value of 
the 27 that is being determined. For optimum fin cal- 
culations with limiting pressure differences, it is readily 
seen that the use of q a , complicates the problem. If the 
effect of flow-path length on q, based on inlet-air tem- 
perature, is known, the calculations of the heat transfer 
can be made in a simple manner. In the present in- 
vestigation, the effect of flow-path length on q based on 
inlet-air temperature has been determined over a rango 
of lengths that is large as compared with the range 
found on aircraft-engine cylinders. 

An additional advantage in using q ot U based on 
the inlet-air temperature is that the over-all heat- 
transfer coefficient U is proportional to the rate of heat 
transfer, which is a function of the power developed. 
Thus an increase of U is also an indication as to how 
much the power can be increased. The proportionality 
of the over-all heat-transfer coefficient to the rate of 
heat transfer does not hold for U based on the average 
air temperature. The heat-transfer coefficients in tho 
present report for the blower-cooling set-up have been 
calculated; both the difference between the average 
surface and the average air temperatures and the differ- 
ence between the average surface and the inlet-air 
temperature were used. The heat-transfer coefficients 
based on the former temperature difference were calcu- 
lated to determine whether factors used to correlate 
pipe data would be applicable to finned-cylinder data. 
For the other air-flow arrangements, only the inlet-air 
temperature difference was used. 

SURFACE HEAT-TRANSFER COEFFICIENTS 

The over-all heat-transfer coefficient U of finned 
cylinders can bo calculated from the folluwing equa- 
tion, which was derived in. reference 1 : 

where a=^2qjkj and w'=w+tl2. Equation (1) has 
been experimentally verified for a large number of stoel 
cylinders having a thermal conductivity k m of 2.17 
B. t. u. per square inch through 1 inch per hour per °F. 

In the present investigation, further verification has 
been made of this equation for pure copper, in which 
k m was taken as 18.04, and for aluminum Y alloy, in 
which k m was taken as 7.66. When aluminum or 
aluminum alloy is hereinafter mentioned, aluminum Y 
alloy is meant. The results of these tests are shown in 
figure 3 for three copper cylinders having different fin 
designs and for one aluminum-alloy cylinder. These 
cylinders were tested with blower cooling. The values 
of U calculated from equation (1) conform reasonably 
well with the experimental values of U. ■ 
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In equation (1), variables Tc m and q depend upon 
experimental tests. Sufficiently accurate data are 
generally available for the values of k m . The various 
possible factors that could affect the surface heat- 
transfer coefficient q of finned cylinders may be 
enumerated as follows: 

1. Characteristics of surface. 

2. Intensity and scale of turbulence. 

3. Fin and cylinder dimensions: space, width, thick- 
ness, and diameter. 

4. The weight velocity, the conductivity, and the 
viscosity of the cooling air. 
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Fioobi 3.— Comparison of calculated and experimental values of U Cor metals of high 
thermal conductivity. 



The effect of each of these factors will now be con- 
sidered. 

EFFECT OF SURFACE CHARACTERISTICS 

The results of the tests on the smooth-enameled 
cylinder are shown in figure 4 for wind-tunnel tests at 
a constant air speed of 52 miles per hour. These tests 
show a slight improvement in q with enamel thicknesses 
up to 0.002 inch; beyond this thickness, the heat 
transfer decreases and, with thicknesses greater than 
0.005 inch, it becomes less than it is without enamel. 
The highest heat transfer is presumably obtained with 



just sufficient enamel to produce a smooth, black 
surface; any further increase in thickness results in a 
lowered heat transfer caused by decreased thermal 
conductivity. 

In the tests to determine the effect of an oil film on 
the heat transfer, the effect of the air stream and the 
heated cylinder surface was continuously to decrease 
the oil-film thickness; and it was difficult to arrive at 
a satisfactory conclusion from these tests. The oil 
film had no measurable effect on the heat transfer 
obtained during these tests. 

EFFECT OF TURBULENCE 

The results of the teste with different devices for 
creating turbulence are shown in figure 5. A single 
curve adequately represents the data for design pur- 
poses. A maximum deviation of the test points of 

1 1 1 1 1 1 1 1 i 1 




.OB 



O .002 .004 .0O6 .O08 . .010 . 

Enamel thickness, in. 

Figube 4.— Effect of enamel on anrface heat-transfer coefficient q of a smooth cylinder. 

approximately 10 percent is caused by placing the 
9-inch drum parallel and at distances between 0.3 
inch and 13 inches from the test cylinder. The drum 
in this position caused a blocking effect in addition to 
the air swirl, and the condition is therefore outside the 
range of useful design. If the test points for this 
condition are disregarded, much less deviation is 
obtained and the conclusion may be drawn that the 
scale and the intensity of turbulence in the tunnel air 
stream for the range covered in these tests have an 
inappreciable effect on the heat transfer. 

Although the turbulence impressed upon the air 
stream had little effect on the heat transfer, another 
flow condition produced between the fins when the fin- 
plane/air-stream angle lies between 30° and 60° has 
resulted in high rates of heat transfer (reference 10). 
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Kiqube 6. — Percentage decrease In temperature difference of cylinders with a fin- 
plane/alr-stream angle of 48* as compared with the same cylinders at a fln-plane/air- 
stream angle of 0°. 



Although the nature of the flow between the fins for 
this condition is not definitely known, lampblack- 
kerosene pictures of the flow over the fin surfaces indi- 
cate that, when the air stream strikes the fins at an 
oblique angle, vortices formed between the fins move 
around the cylinder with the general flow. Additional 
information on_ the result of this condition is given in 
figure^ 6. This figure shows the percentage improve- 
ment jn cooling obtained with the 45° fin-plano/air- 
stream angle as compared with the parallel-flow con- 
dition for the front and the rear locations on the 
cylinder for a range of fin spacing. In general, the 
improvement becomes less with closely spaced fins. 

{ EFFECT OF CYLINDER DIAMETER 

The data on 2 for the 0.124-0.50-0.026 cylinder of 
3.66-inch diameter and the 0.12-0.52-0.03 cylinder of 
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Fiouhe 7.— Surlace heat-transfer coefficients q for two cylinder diameters. 



6.34-inch diameter arc plotted in figure 7 to show the 
effect of cylinder diameter. For the range of duta 
obtained, the relation between 2 and D can be con- 
veniently expressed by 

1 

Empirical functions determined from tests with coiled 
pipes show that 2 varies as an inverse function of the 
radius of curvature of the coils (referenoe 11, p. 179). 
Little information is available to indicate more com- 
pletely the relationship between the cylinder diameter 
and g. 
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CORRELATION OF VARIABLES AFFECTING q 

In the mechanism of heat transfer by convection in 
pipes, the velocity gradient across the stream does not 
follow any simple relation but apparently involves two 
zones: the film layer and the turbulent core. Three 
methods of attack have been used to predict the heat 
transfer, namely: 

1. By mathematical analysis. 

2. By analogy between results from heat transfer and 
friction. 

3. By dimensional analysis. 

With turbulent flow, the application of mathematical 
analysis has met with little success. Analogies between 
heat transfer and friction hold only for simple cases, 
such as for straight pipes. The use of dimensional 
analysis has been the most successful method of attack, 
the constants in the equations being experimentally 
determined. For the conditions of viscous flow, mathe- 
matical analysis has been used with greater success; here 
again the experimental results are checked only by 
applying empirical corrections to the theory. 

The heat transfer of straight pipes and ducts has been 
correlated by means of various dimensionless factors. 
McAdams (reference 11, pp. 203-210) has recorrelated 
a greater part of the available data on straight pipes in 
the viscous region according to a theoretical equation 
that assumes a parabolic velocity distribution and an 
absence of free convection currents. This equation can 
be approximately represented, for values of We t (lcJ, 
greater than 10, by the equation 

By the substitution of the weight velocity and the 
area for W, equation (2) can be rearranged as follows: 

^=1.5(^x£f (3) 

For air, the Prandtl number, c p pfk at is approximately 
1, and substitution in equation (3) gives the Nusselt 
number as a function of the Reynolds Number and the 
djl ratio of the pipe 

« 

The designation of the symbols are as previously given 
but the dimensions are so chosen as to make both sides 
of equations (2), (3), and (4) dimensionless. 

Colburn (reference 12) has pointed out that Mc- 
Adams' correlations show that data on heating fall 
above the theoretical curve and that data on cooling 
fall about equally above and below the theoretical 
equation. Colburn attributed the discrepancy be- 



tween the theory and the data to free convection effects 
and to velocity distributions different from that as- 
sumed in deriving the equation. Accordingly, Colburn 
amplified equation (2) to include these effects by intro- 
ducing a factor which involves the Grashof number 
and the ratio of the viscosity of the fluid, based on an 
arithmetic mean temperature of the fluid to the vis- 
cosity of the fluid based on an average fluid-film tem- 
perature. Equation (2) has been found, however, to 
apply with a fair degree of accuracy when the Grashof 
number and the ratio of the viscosities are approxi- 
mately 1. 

For the turbulent region, the Nusselt number has 
been found to be a function of the Reynolds Number 
and the Prandtl number; and, as the value of the 
Prandtl number is approximately 1 for air, it can be 
eliminated from the equations with little error. 

In previous investigations, the heat-transfer data of 
rectangular ducts have been correlated in a manner 
similar to that of pipes by using an "equivalent" diam- 
eter equal to four times the area of the duct divided by 
the perimeter. Practically no data are available on the 
effect of curvature in ducts other than pipes. In tests 
on coiled pipes, the Nusselt number was found to be a 
function of the ratio of the radius of the pipe to the 
radius of curvature in addition to the factors already 
mentioned. 

The correlation of heat-transfer data for finned cyl- 
inders is made more difficult than the correlation for 
pipes because of the complicated shape of finned cyl- 
inders and the fact that the boundary-layer velocity 
gradient between the fins from the front to the rear 
probably changes. The flow passages between the fins 
of finned cylinders can be considered as curved ducts, 
especially when baffles or a jacket is used. It is possible 
that the variables — heat-transfer coefficient, cylinder 
and fin dimensions, and air-stream characteristics — 
can be correlated by means of one or more of the dimen- 
sionless factors considered in the foregoing paragraphs. 
Owing to the difficulty of applying mathematics to this 
problem, recourse was had to the experimental results 
with blower cooling to determine empirical relationships 
for correlating the data. 

Colburn (reference 12) found that, in the turbulent 
region, data on pipes could be correlated if the viscosity 
was based on the film temperature of the fluid, a mean 
of the average surface and the average fluid tempera- 
tures; whereas, in the viscous region, it made no differ- 
ence whether the fluid or the film temperature was used. 
In the following correlation of heat-transfer data, the 
viscosity and the conductivity of the cooling air for both 
the turbulent and the viscous flow regions were based on 
the film temperature of the fluid. 
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In the correlation of the data of the present tests, the 
heat-transfer coefficients were based on the difference 
between the average surface temperature and the aver- 
age fluid temperature. The correct temperature differ- 
ence to use in calculating heat-transfer coefficients de- 
pends upon the temperature distributions of the sur- 
face and the fluid along the duct length. In cases where 
the surface temperatures remain approximately con- 
stant throughout the length of the duct, the correct av- 
erage temperature difference is the logarithmic mean 
average. In cases where the surface temperatures rise 
linearly with that of the fluid, as is practically always 
true for air-cooled finned cylinders, the difference be- 
tween the average surface and the average fluid tem- 
peratures should be used. 

In the present investigation, little success toward cor- 
relating the data was had by plotting Nusselt number 
against Reynolds Number as is done in the heat-transfer 
tests of pipes in the turbulent region or by plotting the 
results in which the factors in equation (4) were used. 
The equivalent diameter and the length of passage were 
used in these calculations. The calculations showed 
that the Grashof number and the ratio of viscosities 
mentioned previously were practically 1, so that the 
factor § was considered not to enter into the correlation. 

After several trials, it was found that the best corre- 
lation of the data could be obtained by plotting as 
follows: 

where g„,s/3600 k a is a Nusselt number and 
is a Reynolds Number. The replacement of a by d„ 
the equivalent diameter of the passage, resulted in a 
satisfactory correlation but with a greater dispersion of 
the test points than when s was used. Figure 8 shows 
the results of the tests with blower cooling plotted ac- 
cording to equation (5). Efforts to correlate the data 
by inserting w, D, or I in the right-hand side of equa- 
tion (5) to make this factor dimensionless were un- 
satisfactory. 

Figure 9 shows the variation of g with fin and cylinder 
dimensions and air-stream characteristics for four differ- 
ent air-flow arrangements. The functions given for 
each arrangement are purely empirical arjd hold for 
the range of conditions tested. It was found that, for 
the cylinders with and without baffles and for the 
cylinders tested at 45° fin-plane/air-stream angle, 



21- f( 



and, for the blower-cooling arrangement, 



~ J \12jui7 ) - 24 / 



(6) 



(7) 



The curves of figure 9 represent the data well enough 
for all practical purposes. 



PRESSURE DIFFERENCES WITH BLOWER COOLING 

EFFECT OF FIN SPACE AND WIDTH 

The weight velocity required between fins to obtain 
the desired values of <£ often requires much higher 
pressure differences than are available. For this 
reason, the pressure drop across finned cylinders is of 
considerable interest. 

The pressure differences across cylinders enclosed in 
jackets similar to the one shown in figure 2 (b) have 
been determined for a large number of cylinders in 
addition to those tested in this investigation (reference 
5). Faired curves of all these data are plotted in figure 
10. The effect of the fin width on the pressure differ- 
ence for the range of widths covered between 0.37 inch 
and 1.5 inches was negligible. 




.16 .24 

Space between ffns.s.ih. 

Figuej; 10.— Effect of fin space on pressure difference across finned cylinders at several 
weight velocities of the cooling air. JTn -widths from 0.37 to \£ Inches. Blower 
cooling. 

Since the foregoing results were published, additional 
measurements of pressure drop have been made on a 
cylinder having a fin width of 3 inches and fin spaces of 
0.028, 0.055, and 0.08 inch. These data show a higher 
pressure drop for the same fin spacing than was obtained 
with the narrower fin widths. Previous tests (reference 
5) have shown that the pressure difference is directly 
proportional to the length I of the flow path. The data 
obtained with the 3-inch fins are plotted in figure 11 in 
terms of Ap^l together with curves obtained by cross- 
plotting figure 10 for the same values of fin space as 
were used in the cylinders with wide fins. The length I 
of the flow path for the cylinders of figure 10 was taken 
as an average value corresponding to an average fin 
width of 0.935 inch. The data for the 3-inch fins were 
in good agreement with the curves cross-plotted from 
figure 10 for all but the smallest value of s. From these 
data it may be concluded that, for the useful range of 
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fin spacing, the pressure drop is proportional to the 
length of the flow path. The pressure difference is 
affected by the fin width in direct proportion to the 
effect of the width on the length of the flow path. 

EFFECT OF CYLINDER DIAMETER 

The values of Aprfl for the cylinders of diameters 
3.66 and 6.34 inches are also plotted in figure 11 for 
comparison with the data from the 4.66-inch-diameter 
cylinder. With the exception of the data for the small- 
diameter cylinder at the low weight velocities, the pres- 
sure drop across the cylinders again varies as the length 
of the flow path and is affected by the cylinder diameter 
in direct proportion to the effect of the diameter on the 
length of the flow path. 
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Fiouee 11.— Efleot of weight velocity of cooling air on the pressure difference per foot 
length of path i for cylinders of different fin widths and diameters. 

CONCLUSIONS 

1. The surface heat-transfer coefficients of finned 
cylinders can be correlated for any one air-flow arrange- 
ment by plotting a factor involving the surface heat- 
transfer coefficients, the fin space, and the conductivity 
of the cooling air against a factor involving the velocity, 



the density, and the viscosity of the cooling air and the 
fin space, the fin width, and the cylinder diameter. 

2. A variation of the initial turbulence in the tunnel 
air stream for the range covered in the present tests 
had very little effect on the surface hcat-transfcr 
coefficient. 

3. The improvement in heat transfer obtained with 
a fih-plane/air-stream angle of 45° as compared with one 
of 0° is appreciably affected by the value of the space 
between fins. 

4. The pressure difference across a firmed cylinder is 
affected by the fin width, the cylinder diameter, and the 
front baffle opening in direct proportion to the effect 
that these three dimensions have on the length of path 
I as defined in the report. 
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